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Figure 4
Institutions having the most authorized permits and notifications (number held)
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*As of September 24, 2013.

Authorizations for field releases of GE plant varieties are issued by USDA’s Animal and Plant Health Inspection Service
(APHIS) to allow technology providers to pursue field testing.

Source: Information Systems for Biotechnology (ISB, 2013).

Determination of Nonregulated Status

Nonregulated status allows seed companies to commercialize the GE seeds that they have devel-
oped. After successful field testing, technology providers petition APHIS for a determination of
non-regulated status. If, after review, APHIS determines that the organism (i.e., GE plant) is unlikely
to pose a plant pest risk, the organism is deregulated (see box, “Regulatory Oversight™) and can be
moved and planted without APHIS oversight. As of September 2013, APHIS had received 145 peti-
tions for deregulation—compared with 103 petitions received in 2005—and had granted 96 (31 were
withdrawn, 17 were pending, and 1 was incomplete) (Information Systems for Biotechnology, 2013).
For corn, 30 petitions were granted nonregulated status; 15 were granted for cotton; 11 for tomatoes;
12 for soybeans; 8 for canola/rapeseed; 5 for potatoes; 3 for sugarbeet; 2 each for papaya, rice, and
squash; and 1 each for alfalfa, plum, rose, tobacco, flax, and chicory. By trait, as of September 2013,
43 petitions were granted nonregulated status for herbicide tolerance, 31 for insect resistance, 17 for
product quality, 9 for agronomic properties, 8 for virus resistance, and 2 for others.’

The Research and Development Pipeline

APHIS approval for field testing and determination of nonregulated status signals that the GE prod-
ucts are near commercial status. In addition to crops with improved pest management traits, APHIS
approvals include crops with traits that provide viral/fungal resistance; favorable agronomic prop-
erties (resistance to cold, drought, frost, salinity, more efficient use of nitrogen, increased yield);
enhanced product quality such as delayed ripening, flavor, and texture (fruits and vegetables);
increased protein or carbohydrate content, fatty acid content or micronutrient content; modified
starch, color (cotton, flowers), fiber properties (cotton) or gluten content (wheat); naturally decaffein-

A petition (as well as an approval) may include more than one trait or phenotype category. For example, a petition for
corn may include one or more HT traits and one or more Bt traits.
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ated (coffee); nutraceuticals (added vitamins, iron, antioxidants such as beta-carotene); and pharma-
ceuticals (table 2).8 Additional information is found in the Pew Initiative (2001), Runge and Ryan
(2004), Monsanto (2012), and Pioneer (2012).

Table 2
Biotech crops currently available and in development
Input traits Output traits
Herbicide Insect Virus/fungi,  Agronomic Product  Pharmaceuticals/
Crop tolerance  resistance  resistance properties! | quality!®  nutraceuticals!’
Corn C cs D c2p D D)
Soybeans C D D Cc5D
Cotton C cs D D
Potatoes w7 D D D D
Wheat c2 D
Other field crops!  C3 D4 D D D D D
Tomato, squash,
melon, sweet corn cs C9D D C% p D
Other vegetables D D
Papaya clo
Fruit trees D D
Other trees D13 D
Flowers D

lincludes barley, canola, peanuts, tobacco, rice, sugar beet, alfalfa, etc.

2Monsanto discontinued breeding and field level research on its GE Roundup Ready wheat in 2004.

SCanola, sugar beet, alfalfa. “Barley, rice. °Bt corn to control the corn borer commercially available since 1996; Bt corn
for corn rootworm control commercially available since 2003; Bt corn to control the corn earworm commercially available
since 2010; stacked versions of them also available.

6Bt cotton to control the tobacco budworm, the bollworm, and the pink bollworm, commercially available since 1996.

Bt potatoes, containing built-in resistance to the Colorado potato beetle were commercially introduced in 1996 and
withdrawn in 1999.

8Sweet corn with insect resistance (to the corn earworm and European corn borer) was planted in anout 20,000 acres
and sold in the fresh market in 2008 (NRC, 2010).

9VR squash accounted for about 12 percent of the squash produced in in 2005 (NRC, 2010).

10Responding to a devastating papaya virus epidemic in the mid-1990s, researchers at Cornell University and at the Uni-
versity of Hawaii developed two virus-resistant varieties of GE papaya. First commercial plantings were made in 1998.
The new varieties were successful in resisting a viral epidemic and were planted on more than 30 percent of Hawaii's
papaya acreage in 1999.

11such as resistance to drought, frost, salinity; more efficient use of nitrogen.

12prought tolerant corn approved for commercial use in 2011; expected to be introduced in 2012.

BModified lignin content.

HIncludes delayed ripening (fruits and vegetables with longer shelf life); protein content, carbohydrate content, fatty acid
content, micronutrient content, oil content, modified starch content, flavor and texture (fruits and vegetables), color (cot-
ton, flowers), fiber properties (cotton), gluten content (wheat), naturally decaffeinated (coffee), and low phytase.

15High oleic soybeans.

18F|avrSavr tomato genetically engineered to remain on the vine longer and ripen to full flavor after harvest was pulled
out of the market because of harvesting and marketing problems.

Includes increased vitamin, iron, beta-carotene (antioxidant), lycopene (anti-cancer), amino acid content; low-calorie
sugar; hypoallergenic crops; antibodies, vaccines. Industrial uses (such as specialty machine oils).

Sources: ISB (2013); Fernandez-Cornejo and Caswell (2006); National Research Council (2010); USDA Animal and
Plant Health Inspection Service.

8Pharmaceutical plant compounds produced are intended for pharmaceutical use and would need to be approved from
at least one of the following agencies prior to commercialization: U.S. Food and Drug Administration (FDA) Center for
Biologics Evaluation and Research (human biologics), FDA Center for Drug Evaluation and Research (human drugs),
FDA Center for Veterinary Medicine (animal drugs), and USDA Center for Veterinary Biologics (animal biologics).
None of the plants currently under permit produce pharmacologically active compounds.
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Adoption of GE Crops by U.S. Farmers

When farmers adopt a new technology, they typically expect benefits like increased farm net returns,
time savings (by making farming less effort intensive), or reduced exposure to chemicals. Net bene-
fits are a function of farm characteristics and location, output and input prices, existing production
systems, and farmer abilities and preferences.

Judging by the widespread adoption of GE seeds, farmers have benefited from them. U.S. farmers
planted about 169 million acres of GE corn, soybeans, and cotton in 2013 (table 3), accounting for
almost half of the estimated total land used to grow all U.S. crops.

On a global scale, approximately 420 million acres of GE crops were planted in 28 countries in
2012 ( International Service for the Acquisition of Agri-biotech Applications, 2012). U.S. acreage
accounted for approximately 41 percent of acres planted with GE seed, Brazil accounted for 21
percent, Argentina for 14 percent, Canada for 7 percent, India for 6 percent, and China, Paraguay,
South Africa, and Pakistan each for roughly 2 percent.

Commercially introduced in the United States in 1996, major GE crops were rapidly adopted.
Planting of GE crops (measured in acres) increased by 68 percent between 2000 and 2005 and grew
by 45 percent between 2005 and 2013. Three crops (corn, cotton, and soybeans) make up the bulk
of U.S. acres planted to GE crops (table 3), mostly for herbicide tolerance (HT) and insect resistance
(Bt). Including varieties with HT and/or Bt traits, GE crops accounted for 90 percent of all planted
cotton acres, 93 percent of soybean acres, and 90 percent of corn acres in 2013. U.S. farmers have

Table 3
Major genetically engineered crops, 2000-2013
GE corn GE soybeans GE cotton

Year Million acres Percent of Million acres Percent of Million acres Percent of

planted corn acres planted soybean acre planted cotton acres
2000 19.89 25 40.10 54 9.47 61
2001 19.68 26 50.37 68 10.88 69
2002 26.82 34 55.47 75 9.91 71
2003 31.44 40 59.46 81 9.84 73
2004 38.04 47 63.93 85 10.38 76
2005 42.53 52 62.67 87 11.25 79
2006 47.78 61 67.21 89 12.68 83
2007 68.27 73 58.91 91 9.42 87
2008 68.79 80 69.66 92 8.15 86
2009 73.42 85 70.48 91 8.05 88
2010 75.85 86 71.99 93 10.21 93
2011 81.21 88 70.46 94 13.25 90
2012 85.50 88 71.79 93 11.58 94
2013 87.64 90 72.29 93 9.23 90

Genetically engineered crops in this table include Bt crops that have insect-resistant traits or HT crops that have herbi-
cide tolerance traits, or both.

Sources: USDA Economic Research Service using data from from USDA/NASS Quick Stats and Fernandez-Cornejo
(2013).
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Figure 5
Adoption of genetically engineered crops in the United States

Percent acres planted
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Bt crops have insect resistant traits; HT crops have herbicide tolerance traits.
Data for each crop category include varieties with both Bt and HT (stacked) traits.

Source: U.S. Department of Agriculture (USDA), Economic Research Service (ERS). 2013. Adoption of Genetically
Engineered Crops in the U.S. data product.

tended to adopt HT seeds at higher levels than seeds with insect resistance (fig. 5). In part, this is
because weeds are a pervasive problem.® HT adoption was particularly rapid in soybeans, with U.S.
farmers increasing their planting of HT soybeans from 54 percent of soybean acres in 2000 to 87
percent in 2005 and 93 percent in 2013. HT cotton increased from 46 percent of cotton acres in 2000
to 61 percent in 2005 and 82 percent in 2013. HT corn increased from 7 percent of corn acres in
2000 to 26 percent in 2005 and 85 percent in 2013. Insect infestations tend to be more localized than
weed infestations (fig. 6). Farmers planted Bt cotton (to control insects such as tobacco budworm,
cotton bollworm, and pink bollworm) on 35 percent of the cotton acres in 2000, 52 percent in 2005,
and 75 percent in 2013. Bt corn—commercially introduced to control the European corn borer in
1996, the corn rootworm in 2003, and the corn earworm in 2010—was planted on 19 percent of corn
acres in 2000, 35 percent in 2005, and 76 percent in 2013.

Other GE crops commercially grown in the United States are HT canola, HT sugarbeets, HT alfalfa,
virus-resistant papaya, and virus-resistant squash.1% In addition, other traits are being developed and
tested, including cold/drought resistance and enhanced protein, oil, or vitamin content (see table 2).1!

90ver 90 percent of U.S. acreage devoted to major crops has been treated with herbicides in recent decades (Osteen
and Fernandez-Cornejo, 2012).

10Some other GE crops were only on the market for a limited amount of time. Bt potato varieties were introduced in
1996, but withdrawn from the market after the 2001 season. FlavrSavr tomatoes, which were genetically engineered to
remain on the vine longer and ripen to full flavor after harvest, were introduced in 1994, but withdrawn from the market
after several years.

UDrought-tolerant corn was approved for commercial use in 2011 (Federal Register, 2011; Monsanto, 2012) and com-
mercially introduced in 2012.
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Based on the Agricultural Resource Management Survey (see box, “ARMS Data”),12 farmers
indicate that they adopted GE corn, cotton, and soybeans primarily to increase yields (fig. 7). Other
popular reasons for adopting GE crops were to save management time, to facilitate other production
practices (such as crop rotation and conservation tillage), and to reduce pesticide costs.

Figure 6
Percentage of U.S. corn farmers who adopted Bt seeds in 2010
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Bt crops have insect-resistant traits.

Source: USDA, Economic Research Service using data from the 2010 Agricultural Resource Management Survey
(ARMS) Phase Il corn survey.

The ARMS Data

The Agricultural Resource Management Survey (ARMS), sponsored by USDA’s National
Agricultural Statistics Service (NASS) and the Economic Research Service (ERS), has a multi-
phase, multi-frame, stratified, probability-weighted design. In other words, farmers with pre-
selected characteristics are administered the ARMS each year. After data collection, NASS
generates probability weights to help ensure that the ARMS sample accurately represents the
population of U.S. famers.

The ARMS has three phases. Phase I, administered in the summer of the survey year, verifies
that all respondents operate a farm or plant a specific crop. Phase I, administered in the fall or
winter of the survey year, is a field-level survey that collects data on production practices and
input use. Phase 111, administered in the spring following the survey year, gathers data on debt,
revenue, operating costs, and expenditures for the entire farm.

Phase | and Phase I11 are annual surveys that are administered to all respondents. Phase |1 is a
commodity-specific survey that is administered annually for a rotating selection of crops. For
instance, the ARMS Phase 11 Corn survey was administered in 2005 and 2010. The Phase 11
Soybean survey was administered in 2006 and the cotton survey was administered in 2007.

12UsDA’s National Agricultural Statistics Service (NASS) and Economic Research Service (ERS) sponsor the Ag-
ricultural Resource Management Survey (ARMS). This survey includes a crop-specific survey of production practices
(called ARMS Phase 2) for selected major corps each once every 5 years on a rotating basis. This survey was conducted
in 2006 for soybeans, 2007 for cotton, and 2010 for corn.
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Figure 7
Farmers’ reasons for adopting genetically engineered crops

HT soybeans HT corn Bt corn

o

60%

Bt cotton HT cotton

e

[] Increase yields

[ ] Decrease pesticide input cost

[ save management time and m
make other practices easier

|:| Other

Bt crops have insect resistant traits; HT crops have herbicide tolerance traits.

Sources: USDA Economic Research Service using data from Agricultural Resource Management Survey (ARMS)
Phase Il surveys: 2010 for corn, 2007 for cotton, and 2006 for soybeans.

Farm-Level Economic Impacts of GE Crop Adoption

The impacts of GE crop adoption vary by crop and technology. Many studies have assessed the
factors that influence adoption as well as the impacts of GE crops on yields, net returns, and pesti-
cide use (table 4; Fernandez-Cornejo and McBride, 2002).

Over the first 15 years of commercial use, GE seeds have not been shown to increase yield potentials
of the varieties.)3 In fact, the yields of herbicide-tolerant or insect-resistant seeds may be occasion-
ally lower than the yields of conventional varieties if the varieties used to carry the HT or Bt genes
are not the highest yielding cultivars, as in the earlier years of adoption (Fernandez-Cornejo and
Caswell, 2006; National Research Council, 2010).1* However, by protecting the plant from certain
pests, GE crops can prevent yield losses to pests, allowing the plant to approach its yield potential.

Bpotential yield is defined as “the yield of an adapted cultivar when grown with the best management and without
natural hazards such as hail, frost, or lodging, and without water, nutrient, or biotic stress limitations (water stress being
eliminated by full irrigation or ample rainfall)” (Fischer and Edmeades, 2010). Farm level (actual or effective) yield is
equal to potential yield minus the yield lost to pests or to other stresses.

14gince Bt and HT traits protect yield rather than increase potential yield, it is possible that in some cases the Bt and
HT traits are not introduced in the highest yielding germplasm. Over time, this so-called “yield drag” usually disappears
(NRC, 2010, Ch 3). On the other hand, Shi et al. (2013) show that the opposite situation may arise if GE genes are added
more frequently to “high quality” germplasm. They call this situation genetic selectivity bias.
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Table 4

Summary of selected studies on the effects of genetically engineered crops on yields, pesticide use,

and net returns

Effects on

Crop/researchers/date of publication Data source Yield Pesticide use Net returns
Herbicide-tolerant soybeans
Delannay et al., 1995 Experiments Same na na
Roberts et al., 1998 Experiments Increase Decrease Increase
Arnold et al., 1998 Experiments Increase na Increase
Marra et al., 1998 Survey Increase Decrease Increase
Reddy and Whiting, 2000 Experiments Same na Increase
Duffy, 2001 Survey Small decrease na Same
Fernandez-Cornejo et al., 20021 Survey Small increase Small increase Same
McBride & El-Osta, 20022 Survey na na Same
Bradley et al., 2004 Experiments Same na na
Marra et al., 2004 Survey Same na Increase
Herbicide-tolerant cotton
Vencill, 1996 Experiments Same na na
Keeling et al., 1996 Experiments Same na na
Goldman et al., 1998 Experiments Same na na
Culpepper and York, 1998 Experiments Same Decrease Same
Fernandez-Cornejo et al., 2000? Survey Increase Same Increase
Adbhicari et al. 2000 Survey na na Increase
Herbicide-tolerant corn
Fernandez-Cornejo and Klotz-Ingram, Survey Increase Decrease Same
1998
Ferrell and Witt, 2002 Experiments Same na Small increase
McBride & El-Osta, 20022 Survey na na Increase
Parker et al., 2006 Experiments Same na na
Bt cotton
Stark, 1997 Survey Increase Decrease Increase
Gibson et al., 1997 Survey Increase na Increase
ReJesus et al., 1997 Experiments Same na Increase
Bryant et al., 19993 Experiments Increase na Increase
Marra et al., 1998 Survey Increase Decrease Increase
Fernandez-Cornejo et al., 2000! Survey Increase Decrease Increase
Falck-Zepeda et al., 20001 Survey Increase na Increase
Cattaneo et al., 2006 Survey Increase Decrease na
Piggott and Marra, 2007 Experiments Increase na Increase
Bt corn
Rice and Pilcher, 19981 Survey Increase Decrease Depends on

infestation

continued—
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Table 4

Summary of selected studies on the effects of genetically engineered crops on yields, pesticide use,

and net returns—continued

Effects on

Crop/researchers/date of publication Data source Yield Pesticide use Net returns
Marra et al., 1998 Survey Increase Decrease Increase
Duffy, 20012 Survey Increase Na Same
Baute, Sears, and Schaafsma, 2002 Experiments Increase Na Depends on

infestation
McBride & El-Osta, 20024 Survey Na Na Decrease
Pilcher et al., 20025 Survey Increase Decrease Na
Dillehay et al., 20046 Experiments Increase Na Na
Mitchell et al., 20047 Experiments Increase Na Depends on

infestation
Fernandez-Cornejo and Li, 20058 Survey Increase Decrease Na
Mungai et al., 2005° Experiments Increase Na Na
Fang et al., 200710 Experiments Increase Na Na

na = not analyzed in the study; Results using 1997 data; 2Results using 1998 data; 3Results are for 1996 and 1998, results were different for
1997 when the pest pressure was low; Results using 1998 data; Results using 1996-1998 data; éResults using 2004-2006 data;
"Results using data from 1997-1999 ; 8Results using data from 2001; °Results using data from 2002-2003, 1°Results using data from 2002.

The profitability of GE seeds for individual farmers depends largely on the value of the yield losses
mitigated and the associated pesticide and seed costs.1® GE adoption tends to increase net returns if
the value of yield losses mitigated plus the pesticide savings exceeds the additional GE seed costs.

Adoption of Bt crops increases yields by mitigating yield losses to pests. Bt crops are particularly
effective at mitigating yield losses. For example, before Bt corn was commercially introduced in 1996,
the European corn borer was only partially controlled using chemical insecticides (Fernandez-Cornejo
and Caswell, 2006). Chemical use was not always profitable, and timely application was difficult.
Many farmers accepted expected yield losses of 0.4 to 3.2 bushels from this pest rather than incur the
expense and uncertainty of chemical control (Hyde et al., 1999). After the introduction of Bt corn,
adopters who had previously controlled corn borer infestations using insecticides lowered their pesti-
cide costs and increased their yields. Adopters who had not previously treated European corn borer
infestations with insecticides achieved only yield gains (and may have incurred higher seed costs).

In addition to improvements in background germplasm, Bt corn yields have increased over time

as new insect resistance traits have been incorporated into the seeds and multiple (stacked) traits
have become available (Fernandez-Cornejo and Wechsler, 2012). For instance, upon commercial
introduction in 1996, Bt corn seeds were only resistant to one type of pest: the European corn borer.
Since then, resistance to corn rootworms (2003) and corn earworms (2010) has been introduced.

151N this report, net returns are defined as per-acre revenues minus per-acre variable costs. Revenues per acre are equal
to crop yields times crop price. Per-acre variable input costs include pesticide, seed and labor costs. Seed costs paid
by adopters of GE varieties include a technology fee. This measure of net returns is used because most of the financial
impacts of adopting GE crops result from changes in crop yields, chemical costs, and increased seed costs. This measure
is estimated using field-level data and captures the greatest influence that GE crop adoption would have on farm financial
performance as it also filters out the impact of other farm activities—such as livestock production (Fernandez-Cornejo
and McBride, 2002). The econometric estimation involves estimating a restricted profit function (Fernandez-Cornejo and
Wechsler, 2012) together with the associated supply function and input demand functions (hired labor is also included
and wages are used as the numeraire).
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Most experimental field tests and farm surveys show that Bt crops produce higher yields than conven-
tional crops (table 4). Intuitively, Bt adopters are more likely to obtain higher yields than nonadopters
by controlling insects and thus reducing yield losses to pests. The yield gain of Bt crops has become
larger in recent years as new Bt traits have been incorporated into the seeds and multiple (stacked)
traits have become available. For example, ARMS data show that the yield gain by Bt corn adopters
relative to conventional varieties increased from 12.5 bushels per acre in 2001 to 16 bushels in 2005
and 26 bushels in 2010 (table 5; Fernandez-Cornejo and Li, 2005).16 The geographical distributions of
Bt adoption rates and average corn yields for 2010 are shown in figures 6 and 8, respectively.

While mean comparisons are illustrative, definitive conclusions about relative yields are possible
only if the data are generated under experimental settings where factors other than adoption are
controlled for by making them as similar as possible (Fernandez-Cornejo and McBride, 2002; NRC,
2010).17 This is not the case with survey data.}® Bt use is not random. Surveyed farmers are not
randomly assigned to a treatment group (adopters) and a control group (nonadopters). Consequently,
adopters and nonadopters may be systematically different from one another (for example, in terms
of management ability). If these differences affect both farm performance and Bt adoption, they will
confound the analysis (Fernandez-Cornejo and McBride, 2002; Fernandez-Cornejo et al., 2002).
This self-selection!® biases the statistical results unless it is corrected (Greene, 1997). Fernandez-

Table 5

Bt corn adopters and non-adopters, 2005 and 2010 (Samnple means of selected variables)
Variable Unit Bt Non-Bt Difference Significance
2005

Yield Bushels/acre 155.1 138.6 16.6 Frk
Insecticide use Pounds Ai/acre 0.05 0.09 -0.04 1

Corn price Dollars/bushel 1.95 2.01 -0.06 NS
2010

Yield Bushels/acre 159.2 132.7 26.5 ok
Insecticide use Pounds Ai/acre 0.02 0.02 0.00 NS
Corn price Dollars/bushel 5.39 5.40 -0.01 NS

* ** and *** Indicates statistical significance at 10, 5, and 1 percent level, respectively.

NS = Not significant. 1Significant at the 5-percent level when using standard procedures but not significant (p value 0.15)
when using the delete-a-group jacknife procedure to estimate variances (Kott, 1998).

Source: USDA Economic Research Service using data from 2005 and 2010 Agricultural Resource Management Survey
corn surveys.

16The difference in means of corn yields between adopters and nonadopters is statistically significant for 2005 and
2010 using either the delete-a-group jackknife procedure (Kott, 1998) or the standard statistical test.

"The panel members who wrote the NRC report were Y. Carriere, W. Cox, D. Ervin, J. Fernandez-Cornejo,
R. Jussaume Jr., M. Marra, M. Owen, P. Raven, L. Wolfenbarger and D. Zilberman.

18Marra et al. (2002a) provides an extensive discussion of the various types of biases that can arise when comparing
means not only in farm (and field) surveys but in experimental settings as well (see box 3 for a discussion of the bias that
may be caused by the halo effect).

19gelf-selection is a type of endogeneity (Maddala, 1983; Greene, 1997). Endogeneity arises when there is a correlation
between the explanatory variable and the model’s residuals. If endogeneity is not accounted for (for instance, through the
use of instrumental variable techniques), the results of the analysis will be biased. A common approach used to control
for self-selection is sometimes called an instrumental variables approach. The model includes two stages. The first stage,
which is referred to as the adoption decision model, is used to estimate the predicted values of the probability of adoption
using a probit model. The second stage, or impact model, uses the predictions estimated in the first stage to estimate the
impact of adopting Bt seeds on yields, seed demand, insecticide demand, and net returns.
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Figure 8
Average yields (in bushels per acre) for U.S. corn farmers in 2010
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Source: USDA, Economic Research Service using data from 2010 Agricultural Resource Management Survey (ARMS)
Phase Il corn survey.

Cornejo and Wechsler (2012) specified an econometric model to estimate the impact of adoption that
accounts for self-selection. Using this model, they found that a 10-percent increase in the probability
of adopting Bt corn was associated with a 1.7-percent increase in yields in 2005, and in a new ERS
analysis using 2010 survey data, they found a 2.3-percent increase in yields (table 6). Using a similar
econometric method to analyze cotton data, ERS researchers found that a 10-percent increase in

the probability of adopting Bt cotton was associated with a 2.1-percent increase in yields in 1997
(Fernandez-Cornejo and McBride, 2002).

The effect of HT seeds on yields is mixed. The evidence on the impact of HT seeds on soybean,
corn, and cotton yields is mixed (table 4). Several researchers found no significant difference
between the yields of adopters and nonadopters of HT; some found that HT adopters had higher
yields, while others found that adopters had lower yields. For instance, an ERS study found that

a 10-percent increase in the adoption of HT cotton led to a 1.7-percent increase in cotton yields.
HT soybean adoption was associated with a statistically significant, but small, increase in yields: a
10-percent increase in the probability of adopting HT soybeans was associated with a 0.3-percent
increase in yields (Fernandez-Cornejo and McBride, 2002).

ARMS results show that HT soybean yields were 5 bushels per acre (3 percent) higher than conven-
tional soybean yields in 2006 (but only significantly different at the 10-percent level) (table 7). In the
case of corn, ARMS results show that HT corn yields were similar to those of conventional corn in
2010. However, unlike soybeans, the majority of corn (and cotton) producers in recent years use seed
with stacked traits (figs. 9 and 10). Multiple stacked traits make evaluating the effect of individual
GE traits on yields and profitability more complicated.

Stacked-trait seeds tend to have higher yields. An analysis of ARMS corn data indicates that
stacked seeds (seeds with several GE traits) have higher yields than conventional seeds or seeds with
only one GE trait. For example, 2010 ARMS data show that conventional corn seeds had an average
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Table 6
The Impact of adopting Bt corn: Elasticities 2005, 20101

Elasticity with respect to the probability of adoption

Variable 2005 2010
Net returns 0.17 0.23
Yield 0.17 0.23
Seed 01 0.21
Insecticide NS NS

1Elasticity measures the responsiveness of a variable (e.g., s, yield) to a change in another (e.g., adoption rate). It is unit
free and always expressed in percentage terms.

Bt crops have insect-resistant traits

NS = Not significant.

Sources: 2005: Fernandez-Cornejo and Wechsler (2012). 2010: New analysis by Economic Research Service. (Model
results using 2010 ARMS corn data. Model specification similar to that used by Fernandez-Cornejo and Wechsler, 2012).

Table 7
HT soybean adopters and non-adopters, 2006

HT Non-
Variable Units adopters adopters Difference  Significance
Yield Per acre yields, in bushels 45.6 40.6 5.0 *
Total herbicide use Pounds Al per acre 1.36 1.05 0.31 NS
Glyphosate use Pounds per acre 1.23 0.38 0.85 i
Other herbicides use Pounds per acre 0.13 0.66 -0.53 wxl

* ** and *** Indicates statistical significance at 10-, 5-, and 1-percent level, respectively.

NS = Not significant.

1Significant at the 5-percent level when using standard procedures but not significant (p value = 0.14) when using the
jacknife procedure to estimate variances (Kott, 1998).

HT crops have herbicide tolerance traits.

Source: Economic Research Service using data from 2006 Agricultural Resource Management Survey soybean survey.

yield of 134 bushels per acre in 2010. By contrast, seeds with two types of herbicide tolerance
(glyphosate and glufosinate) and three types of insect resistance (corn borer, corn rootworm, and
corn earworm) had an average yield of 171 bushels per acre. These results are consistent with find-
ings by Nolan and Santos (2012), who analyzed a rich dataset of experimental hybrid trials collected
by the extension services of 10 universities in major corn-producing States from 1997 to 2009.

Not surprisingly, adoption rates of stacked-seed varieties have increased quickly (figs. 9 and 10).
Stacked corn seeds grew from 1 percent of the corn acres in 2000 to 9 percent in 2005 and 71
percent in 2013, while stacked cotton seeds grew from 20 percent to 34 percent in 2005, and 67
percent in 2013 (figs. 9-10). The most widely adopted GE corn varieties have both Bt and HT traits
(table 8). Varieties with three or four traits are now common.

GE seed prices are influenced by stacking and many other factors. The market price of seed
incorporates the costs associated with seed development, production, marketing, and distribution
(Fernandez-Cornejo, 2004). The price must reflect farmers” willingness to pay while ensuring a profit
margin after costs. Furthermore, the price depends on the competitiveness of the particular seed
market, and the pricing behavior of those firms that hold large shares of the market (NRC, 2010).
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Figure 9
Adoption of genetically engineered corn: growth of stacked traits, 2000-2013
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Bt crops have insect-resistant traits; HT crops have herbicide tolerance traits.

Source: U.S. Department of Agriculture (USDA), Economic Research Service (ERS). 2013. Adoption of Genetically
Engineered Crops in the United States, data product.

Figure 10
Adoption of genetically engineered cotton: growth of stacked traits, 2000-2013
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Bt crops have insect-resistant traits; HT crops have herbicide tolerance traits.

Source: U.S. Department of Agriculture (USDA), Economic Research Service (ERS). 2013. Adoption of Genetically
Engineered Crops in the United States, data product.

In recent decades, private sector R&D costs have been rising with the application of new technolo-
gies, and much of the increase in seed prices has been associated with this trend (Krull et al., 1998).
R&D costs vary among the different seed markets. For example, the corn seed market depends
extensively on private sector R&D and passes these costs on to farmers. The wheat seed market
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Table 8

Adoption of genetically engineered varieties by U.S. corn producers, 2010

Seed Type

GE traits (percent adopters)

Btonly  HT only Bt/HT No GE

1. Genetically modified herbicide resistant seed variety (e.g.
LIBERTYLINK; ROUNDUP READY CORN)

2. Non-genetically modified herbicide resistant seed variety
(e.g. IMI-CORN)

3. Genetically-modified Bt variety for insect resistance to
control the European Corn Borer (Bt-ECB) (e.g. YIELDGARD,
YIELDGARD CORN BORER, HERCULEX I, NATUREGARD,
KNOCKOUT)

4. Genetically modified Bt variety for insect resistance to con-
trol the corn rootworm (Bt-CRW) (e.g. YIELDGARD ROQT-
WORM, HERCULEX RW)

5. Stacked gene (trait) variety with both genetically modified
Bt-ECB and Bt-CRW (e.g. YIELDGARD PLUS, HERCULEX
XTRA)

6. Stacked gene variety with two genetically modified herbi-
cide resistant traits (e.g. LIBERTYLINK + ROUNDUP READY)

7. Stacked gene variety with both genetically modified Bt-ECB
and herbicide resistant (e.g. YIELDGARD + ROUNDUP
READY, YIELDGARD CORN BORER WITH ROUNDUP
READY CORN 2, HERCULEX | + LIBERTYLINK)

8. Stacked gene variety with both genetically modified
Bt-CRW and herbicide resistant (e.g. YIELDGARD ROOT-
WORM WITH ROUNDUP READY CORN 2, HERCULEX CW +
ROUNDUP READY CORN )

9. Triple stacked gene variety with genetically modified Bt-
ECB and Bt-CRW plus herbicide resistant traits (e.g. YIELD-
GARD PLUS WITH ROUNDUP READY CORN 2, HERCULEX
XTRA + LIBERTYLINK)

10. Stacked gene varieties that, in addition to the ECB and the
rootworm, can control the corn earworm

11. Multiple (more than three) trait stacked variety with sev-
eral Bt traits and two herbicide resistant traits—glyphosate
(Roundup) and glufosinate (Liberty)

12. None of the above

Total

21.36

3.48

712

3.06

3.81

3.73

9.77

8.03

25.91
571

1.24
6.79

13.99 25.08 50.66 10.26

Source: USDA Economic Research Service using data from 2010 Agricultural Resource Management

Survey corn survey.

depends largely on public sector research, which is largely cost free for farmers. There is no GE

wheat commercially available.2

The real price index for seed rose nearly 30 percent faster than the average index of prices paid by
U.S. farmers over 1996-2007 (NRC, 2010). The price of GE soybean and corn seeds grew by about

20Monsanto discontinued breeding and field level research on its GE Roundup Ready wheat in 2004.
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